cium × phosphate product tended to be better controlled in the lanthanum group. Conclusion: This 6-month study demonstrates that serum phosphate control with lanthanum carbonate (750-3,000 mg/day) is similar to that seen with calcium carbonate (1,500-9,000 mg/day), but with a signifi cantly reduced incidence of hypercalcemia. Lanthanum carbonate is well tolerated and may be more effective in reducing calcium × phosphate product than calcium carbonate.
Introduction
Hyperphosphatemia is an important clinical consequence of renal failure and requires concerted treatment in patients with end-stage renal disease (ESRD). Generally, normal adult serum phosphate levels range from 2.17 to 4.34 mg/dl (0.70-1.40 mmol/l), whereas levels between 6.2 and 9.3 mg/dl (2.0 and 3.0 mmol/l) are frequently observed in hemodialysis patients [1] . The multiple adverse systemic effects of such high serum phosphate levels are associated with signifi cantly increased risks of morbidity and mortality [1] . For instance, recent Lanthanum Carbonate in Hyperphosphatemia Nephron Clin Pract 2005;100:c8-c19 c9 evidence suggests that hyperphosphatemia and an elevated level of calcium ! phosphate product in patients with chronic renal failure are associated with an increased risk of vascular calcifi cation [2] . Changes in vitamin D and parathyroid hormone (PTH) levels compound the problems associated with hyperphosphatemia and lead to a spectrum of bone pathologies collectively known as renal osteodystrophy (ROD) [2, 3] . ROD is associated with substantial patient morbidity, including bone pain and skeletal deformity [2, 4, 5] .
Oral phosphate-binding agents reduce systemic absorption of dietary phosphate allowing control of serum phosphate levels. The most effective phosphate binders that are currently available are aluminum-containing compounds. Aluminum is associated with serious toxic effects, however, such as osteomalacia, encephalopathy, myopathy, hypoparathyroidism, and anemia [6] [7] [8] . Despite this, aluminum-based phosphate binders are still used in 10-30% of patients, under careful supervision, typically within very limited time frames to achieve acute control of high phosphate levels. Calcium acetate and calcium carbonate are currently used for the longterm treatment of hyperphosphatemia in most patients. Prolonged administration of calcium salts, however, can result in hypercalcemia and oversuppression of PTH, adynamic bone, and both soft-tissue and vascular calcifi cation [2, [9] [10] [11] [12] . Sevelamer hydrochloride is a non-aluminum, non-calcium phosphate binder that is effective in lowering serum phosphate levels and has a diminished tendency to promote hypercalcemia. Results from a recent trial also suggest that it reduces the risk of cardiovascular calcifi cation [13] . In a number of pivotal trials, however, sevelamer has failed to reduce serum phosphate to within recommended clinical limits [13] [14] [15] [16] .
Thus, there remains a need for new non-hypercalcemic phosphate binders that effectively control phosphate balance. Moreover, hyperphosphatemia is an independent risk factor for mortality in ESRD [1, 17] , and it is believed that agents with greater phosphate-binding potency and effectiveness in reducing serum phosphate may improve long-term outcomes in ESRD.
Lanthanum has undergone extensive clinical development for use as a phosphate binder. Pre-clinical and phase I trial data suggest that the carbonate salt of lanthanum (lanthanum [III] [18] . Unpublished data indicate that in vitro phosphate binding by lanthanum is equivalent to aluminum and superior to calcium carbonate across a range of pH values, as seen in the upper gastrointestinal tract. Further fi ndings from toxicity studies with lanthanum carbonate in animals demonstrate its very low toxicity at doses of up to 20 times those recommended for clinical treatment [18, 19] . A large window of safety has also been indicated in studies in which lanthanum carbonate was administered intravenously (as a soluble chloride salt), providing lanthanum exposure many thousands of times greater than levels seen with maximal human doses [18, 20] . Unpublished animal studies have also indicated minimal systemic absorption, as estimated from the extremely low bioavailability of lanthanum carbonate following oral administration ( ! 0.001%) [21] .
Findings from phase II and phase III clinical studies have also been published, which indicate a good safety, tolerability and effi cacy profi le for lanthanum carbonate in the treatment of hyperphosphatemia in ESRD patients [22] [23] [24] . Following prior treatment with other phosphate binders and subsequent washout during a phase II study, lanthanum carbonate treatment in patients undergoing hemodialysis or continuous ambulatory peritoneal dialysis resulted in 70% of patients achieving the target blood phosphate levels currently set by the UK Renal Association ( ^ 5.58 mg/dl (1.80 mmol/l)) [22] .
Aims
The present phase III study was conducted in order to assess further the ability of lanthanum carbonate to control serum phosphate levels in patients undergoing dialysis and to evaluate its tolerability and safety.
Methods

Inclusion Criteria
Male and female patients aged 18 years or over who had received hemodialysis 3 times a week for at least 3 consecutive months (including patients who had previously undergone renal transplantation) were screened for entry into the study. Female patients of childbearing potential were included only if adequate contraceptive precautions were being taken. Only patients with serum phosphate levels 1 5.58 mg/dl after screening and washout were randomized to receive study medication in the titration phase. Below this level, patients were considered to be controlled and did not require a phosphate binder.
Exclusion Criteria
Exclusion criteria included signifi cant hypercalcemia (serum calcium greater than the upper limit of normal (ULN), 10.55 mg/dl (2.65 mmol/l)), severe hyperparathyroidism (serum PTH 1 1,000 ng/l) or other clinically signifi cant abnormal laboratory values (excluding markers of renal function) at screening. Also excluded from study entry were lactating females or those with a positive screen-c10 ing pregnancy test, patients who were HIV-positive, patients with known hepatitis B, hepatitis C, or other signifi cant concurrent liver disorder, and patients with a life-threatening malignancy, multiple myeloma, or a history of epilepsy. Further reasons for exclusion included a current or past history of drug or alcohol abuse within 2 years of study screening, treatment with an investigational drug 30 days prior to screening, or patients who, in the opinion of the investigator, would not comply with the study requirements.
Investigators could withdraw patients from the study if pronounced hypercalcemia (serum calcium 6 11.94 mg/dl (3.0 mmol/ l)) occurred, or if it was thought detrimental for a patient to continue in the study. Patients could also be withdrawn from either treatment group for major protocol violation, or if their serum phosphate was not controlled after completing 5 weeks of treatment during dose titration. Patients withdrawn from the study following randomization to treatment were not replaced.
Study Design
This was a 6-month, randomized, open-label, active comparator-controlled, parallel-group trial carried out in 67 centers in the UK, Germany, Belgium, and The Netherlands. Patients were enrolled and treated between September 1998 and October 1999. The trial comprised three parts: (1) screening and washout; (2) dose titration, and (3) maintenance treatment. Study phases and timings are summarized in fi gure 1 .
Blood samples were taken before dialysis at the fi rst session of each week after the longest interdialytic period. Baseline serum phosphate determinations were produced from samples taken just prior to randomization. levels were assessed by the central laboratory at screening and twice during treatment (following dose titration and maintenance periods). Plasma lanthanum levels were measured in blood samples taken at screening and throughout the study (at three timepoints). The lower limit of lanthanum detection in plasma in an inductive coupled plasma mass spectrometry assay (validated in conformance with US Food and Drug Administration GLPs) was 0.05 ng/ml [25] . Measurements below this limit were assigned a value of zero. During screening and washout, patients discontinued their previous phosphate binder for a period of 1-3 weeks, during which time blood samples were taken and phosphate levels determined each week at local laboratories. Patients with serum phosphate levels 1 5.58 mg/dl at the end of washout were randomized centrally to receive lanthanum carbonate, or calcium carbonate, in a ratio of 2: 1, respectively, and entered the dose titration phase. The maximum washout period was 3 weeks, but patients reaching serum phosphate 1 5.58 mg/dl sooner, after 1 or 2 weeks, were eligible for randomization. Serum phosphate levels were assessed weekly during the titration phase of treatment and the dose of phosphate binder adjusted to reduce serum phosphate to ^ 5.58 mg/dl (defi ned as phosphate control).
On completion of dose titration, all patients who had achieved control of serum phosphate levels continued to receive phosphate-binder treatment for a further 20 weeks. During maintenance treatment, patients were assessed monthly, and the doses of phosphate binder were altered in order to maintain control of serum phosphate levels. Patients from either group whose serum phosphate levels did not fall to ^ 5.58 mg/dl within the dose titration The study was conducted according to ICH Guidelines for Good Practice. The protocol was approved by independent ethics committees at each study site and conformed to the principles outlined by the Helsinki Declaration and all subsequent revisions at the time of study initiation. All patients entering the study provided written, informed consent.
Drug Dosage
Each week, medication was dispensed after pre-dialysis serum phosphate levels had been evaluated. Lanthanum carbonate was supplied as unfl avored, round, chewable tablets containing either 125 or 250 mg of elemental lanthanum. Calcium carbonate was supplied as round, chewable, orange-fl avored tablets containing 500 mg of elemental calcium. Initial daily doses for patients randomized to lanthanum carbonate and calcium carbonate treatment contained 375 mg/day of lanthanum and 1,500 mg/day of calcium. If phosphate levels fell to ! 3.1 mg/dl (1.00 mmol/l) after the starting dose with either agent, the total daily dose was reduced to provide 250 mg/day of lanthanum or 1,000 mg/day of calcium. Throughout subsequent dose titration, lanthanum carbonate was provided to supply elemental lanthanum doses of 375, 750, 1,500, 2,250, or 3,000 mg/day. Doses of calcium carbonate provided 1,500, 3,000, 4,500, 6,000, or 9,000 mg/day of elemental calcium.
All phosphate-binder medication was given in three divided doses with meals. Patients receiving lanthanum carbonate took their medication immediately after meals. Those receiving calcium carbonate took their medication just before each meal, in accordance with the product information sheet. Drug doses could be titrated either up or down by altering the number of tablets administered.
Phosphate binders are required to remove an average of around 400 mg of dietary phosphate/day. Stoichiometric calculations, in vitro binding experiments, and studies using isolated rat gut models, suggest that lanthanum carbonate doses providing 1,000 mg of elemental lanthanum per day can achieve this. With this knowledge, the range of doses of lanthanum carbonate was chosen on the basis of evidence from pre-clinical toxicology studies, in which oral doses of up to 2,000 mg/kg/day showed a good safety profi le in animals, and from phase II clinical trials, which demonstrated good effi cacy and tolerability at doses of up to 2,250 mg/day and indicated that a maximum dose of 3,000 mg/day may be required [22, 24] . Doses of calcium carbonate were chosen on the basis of those used in routine clinical practice.
Concomitant Medications
Phosphate binders other than the study medications were excluded following screening until withdrawal or completion of the study. Patients taking drugs with the potential to interact with antacids (including tetracyclines, some cephalosporins, itraconazole, ketoconazole, chloroquine, hydroxychloroquine, phenothiazines, phenytoin, and penicillamine) were instructed to take them at least 2 h after dosing with lanthanum carbonate. Patients were advised not to take over-the-counter products containing aluminum (including sucralfate), phosphates, or magnesium, during the study.
Vitamin D use was initially restricted to avoid confounding changes in phosphate levels resulting from treatment. Patients receiving vitamin D on entry to the study were therefore required to remain on the same dose of vitamin D until the end of week 18.
Patients not receiving vitamin D on study entry could not be initiated on vitamin D until this time. After week 18, vitamin D could be used as required. Investigators were permitted to alter the concentration of calcium in dialysis fl uid as required.
Assessments
Reduction of serum phosphate to ^ 5.58 mg/dl was the primary effi cacy endpoint. Patients in whom the target reduction was reached were considered to have achieved phosphate control. Secondary effi cacy endpoints included the maintenance of serum phosphate control at ^ 5.58 mg/dl (assessed by the proportion of patients with controlled serum phosphate), determination of the level of lanthanum in serum, and assessment of the tolerability and safety of lanthanum carbonate. Calcium ! phosphate product was also calculated (at screening, and throughout titration and maintenance treatment).
Assessments of tolerability and safety included adverse-event monitoring, physical examination, measurement of vital signs, and routine laboratory measurements. In particular, all treatmentemergent adverse events (i.e. any adverse event occurring after at least one dose of study medication) were recorded. Hypercalcemia was defi ned as a level greater than the ULN as specifi ed by the central laboratory.
Dietary Assessment
Dietary assessments were performed in a subgroup of patients (n = 95) at two time-points during maintenance treatment, to assess if reductions in serum phosphate levels were as a result of the study treatments and were not infl uenced by changes in dietary intake of phosphate, calcium, protein, vitamin D, and kilocalories.
Statistics
Calculations to determine sample size, assumed a 95% level of signifi cance (two-tailed), 90% power, and a similar withdrawal rate in the two treatment groups. In total, 585 patients (390 receiving lanthanum carbonate and 195 receiving calcium carbonate) were required to detect a 10% difference in the proportion of phosphatecontrolled patients between treatments (odds ratio 2.25).
Primary effi cacy, tolerability, and safety analyses were based on the intention-to-treat (ITT) population, defi ned as all patients who were randomized to treatment, who received at least one dose of medication and for whom evaluable data were available. A population intended for safety analysis was defi ned as all patients who were randomized and who received at least one dose of study medication.
All data analysis and reporting were performed using SAS software (version 6.12). Nominal or binary data (e.g. proportion of patients with controlled phosphate) were analyzed by the 2 or Fisher's exact test. Ordered categorical data, such as the frequency of dose adjustments or uncontrolled phosphate reports, were analyzed using the Cochran-Mantel-Haenszel test with integer scores. Continuous, normally distributed data were analyzed by analysis of variance (ANOVA) or covariance (ANCOVA). 
Results
Patient Disposition
Patient disposition throughout the study is summarized in fi gure 1 . In total, 1,013 patients were screened for entry into the trial. A total of 800 patients completed the 3-week screening and washout phase and were randomized to receive study medication. Of these, 533 patients receiving lanthanum carbonate, and 267 patients receiving calcium carbonate, received at least one dose of study medication and were included in the ITT safety analysis population. Effi cacy data for 33 of these patients (all from a single center) were not included in the fi nal data analysis because of the unreliability of data generated at this center. Thus, the ITT effi cacy analysis population comprised 767 patients, 510 treated with lanthanum carbonate and 257 treated with calcium carbonate.
Of the 533 patients who commenced titration with lanthanum carbonate, 289 (54.2%) completed both titration and maintenance treatment over a total of 24 weeks. Of the 267 patients receiving calcium carbonate treatment, 154 (57.7%) progressed to and completed maintenance treatment.
Demographic and Other Baseline Characteristics
Baseline characteristics of the ITT patient population were similar in the lanthanum carbonate and calcium carbonate treatment groups in terms of age, gender, body weight, race, medical histories, characteristics of renal disease, and concomitant use of medications ( table 1 ) . The primary and secondary diagnoses were also similarly distributed in the two groups, with the most common diagnosis being glomerulonephritis (29.6% of the lanthanum carbonate group and 25.3% of the calcium carbonate group). The use of concomitant medications was well balanced between the two groups throughout the study.
Drug Treatment
The distributions of phosphate-binder doses administered between the end of dose titration and the end of maintenance treatment are summarized in fi gure 2 . Smaller doses of elemental lanthanum than elemental calcium were required to maintain similar degrees of serum phosphate control in the two treatment arms. Overall, the most frequently administered doses contained 1,500 mg of lanthanum and 3,000 mg of calcium. In terms of pill count, the number of pills that patients were required to take was also lower in the lanthanum carbonate group. Approximately 73% of patients took ^ 9 pills of lanthanum carbonate per day, compared with 61% of patients ( fi g. 3 ) .
Analysis of the proportions of patients with controlled versus uncontrolled serum phosphate levels during dose titration showed a relative time lag to achievement of control in the lanthanum carbonate group, compared with the calcium carbonate group. After 1 week of dose titration, the phosphate levels were controlled in 12.4% of lanthanum carbonate-treated patients and 23.7% of calcium carbonate-treated patients. At the end of 5 weeks of dose titration, the percentages of phosphate-controlled patients in the lanthanum carbonate and calcium carbonate groups were 57.8 and 70.3%, respectively (treatment difference, p = 0.002).
Maintenance Treatment. The reductions in mean serum phosphate levels to ! 5.58 mg/dl achieved within the dose titration phase were sustained for the duration of maintenance treatment (at weeks 9 and 25, respectively) both in lanthanum carbonate-and calcium carbonatetreated patients ( table 2 ) . Generally, the proportions of patients in whom control of serum phosphate was achieved were similar between the two treatment groups during the maintenance phase. After 9 weeks of treatment with lanthanum carbonate, 67.9% of patients showed controlled serum phosphate levels, compared with 65.8% of patients in the calcium carbonate group. Similar proportions of patients achieved phosphate control after 25 weeks of treatment (65.8 and 63.9% in the lanthanum carbonate, and calcium carbonate groups, respectively; table 2 ). Differences between the treatment groups were not signifi cant (treatment difference, p 1 0.05 at all time-points).
Dietary assessments throughout the study discounted any confounding effects of dietary phosphate intake on these effi cacy results in either the lanthanum carbonate or calcium carbonate groups. Patients' diets remained consistent throughout the study. In addition, there were no clinically important differences between the treatment groups in the intake of phosphate, calcium, protein, vitamin D, and kilocalories, with or without correction for body weight.
Calcium ! Phosphate Product. Reductions in calcium ! phosphate product were generally greater with lantha- 
Serum PTH and vitamin D.
At the screening visit, the median PTH values in the lanthanum carbonate and calcium carbonate groups were 127 and 163 ng/l, respectively. PTH levels at the end of titration had increased to 174 ng/l with lanthanum carbonate (+47 ng/l vs. screening) and decreased to 98 ng/l with calcium carbonate (-65 ng/l vs. screening). By the end of the maintenance 
Tolerability and Safety
Hypercalcemia. The most notable difference between the tolerability and safety profi les of lanthanum carbonate and calcium carbonate was the frequency of clinically signifi cant hypercalcemia reported as an adverse event. Overall, hypercalcemia occurred in 0.4% of patients treated with lanthanum carbonate, compared with 20.2% of patients treated with calcium carbonate.
Mean serum calcium levels remained unchanged or marginally decreased in the lanthanum carbonate group. The mean screening value was 9.47 8 0.92 mg/dl (2.38 8 0.23 mmol/l), and changes from this value by the end of titration were between -0.04 and -0.79 mg/dl (-0.01 and -0.20 mmol/l) across all dose levels. During maintenance treatment, changes ranged between -0.16 and -0.99 mg/dl (-0.04 and -0.25 mmol/l). In calcium carbonate-treated patients, mean serum calcium was consistently increased. The mean screening value was 9.35 8 0.96 mg/dl (2.35 8 0.24 mmol/l) and mean changes from screening ranged between +0.12 and +0.92 mg/dl (+0.03 and +0.23 mmol/l) at the end of titration across all doses. During maintenance treatment, changes ranged between +0.12 and +0.60 mg/dl (+0.03 and + 0.15 mmol/l). In total, only 6% of lanthanum carbonate-treated patients experienced hypercalcemic episodes (defi ned as any occurrence of serum calcium values above the ULN range), compared with 38% of patients in the calcium carbonate group. Of those who did experience hypercalcemic episodes with calcium carbonate, two or more episodes occurred in 38 patients, and four or more episodes were observed in 10 patients. Only 13 patients in the lanthanum carbonate group experienced more than one episode; four or more episodes occurred in 4 patients. Overall, the greater frequency of hypercalcemic episodes with calcium carbonate represented a statistically signifi cant treatment difference (p ! 0.001).
Adverse Events. The incidences of treatment-emergent adverse events (i.e. any adverse event occurring after administration of at least one dose of study medication) reported during dose titration and maintenance treatment were 77.7% in patients treated with lanthanum carbonate and 79.8% in those treated with calcium carbonate. Numbers and proportions of patients reporting adverse events at a frequency 6 5% in the two treatment groups during all three phases of the study are shown in table 5 . Most adverse events were of mild or moderate severity in both lanthanum carbonate-and calcium carbonate-treated patients during the titration and maintenance phases; ! 10% of adverse events were classifi ed as severe.
Gastrointestinal adverse events were reported most frequently and occurred with similar frequency in the two treatment groups. Overall, no gastrointestinal adverse events were serious, and incidence rates were of the same order of magnitude with lanthanum carbonate and calcium carbonate. Constipation occurred in 0.7% more patients treated with calcium carbonate than with lanthanum carbonate. Diarrhea and nausea appeared in around 3% more patients treated with lanthanum carbonate than with calcium carbonate. The largest difference in adverseevent incidence between the two groups was seen for vomiting (7% more frequent with lanthanum carbonate). Other adverse events occurring with 6 5% frequency in both treatment groups included cardiovascular, nervous system, musculoskeletal, respiratory system disorders, and vascular access complications.
During dose titration and maintenance treatment, 21.4 and 30.0% of patients reported serious adverse events in the lanthanum carbonate and calcium carbonate groups, respectively. The frequency and type of serious adverse events in both treatment groups were typical for patients with chronic renal failure undergoing hemodialysis ( table 5 ) and none were considered by the investigators to be related to treatment with lanthanum carbonate. The investigators considered that two serious adverse events (both hypercalcemia), however, were related to calcium carbonate treatment. Overall, the majority (around 70%) of serious adverse events were of mild or moderate severity in both treatment groups.
Laboratory Investigations. Changes in laboratory parameters between baseline and the end of maintenance treatment (week 25) were similar in lanthanum carbonate-and calcium carbonate-treated patients. Hematology and biochemistry results from full laboratory screens showed only minor changes between baseline and week 25, with little difference between the two treatments. No consistent pattern of change over time was recorded for most parameters. Notably, mean serum bicarbonate levels increased from a screening value of 17.9 to 19.5 mEq/l by the end of maintenance treatment with lanthanum carbonate and from 17.9 to 20.0 mEq/l with calcium carbonate, indicating a benefi cial (non-signifi cant) trend towards normal values (currently recommended as 22 mEq/l) with both treatments. No changes were seen in measurements of vital signs either between the treatment groups or over time in either treatment group.
Plasma lanthanum levels were generally very low during lanthanum carbonate treatment of up to 6 months. The mean screening value of plasma lanthanum was 0.01 8 0.06 ng/ml in the lanthanum carbonate group. At the top dosing level (3,000 mg/day of elemental lanthanum), plasma lanthanum concentrations were 0.55 8 0.53 ng/ ml at the end of titration and 0.49 8 0.39 ng/ml at the end of 5 months of maintenance treatment. These levels represent around 0.5 parts per billion of the top dose administered; changes from screening were not statistically signifi cant at any dose level. A minimal increase in plasma lanthanum concentration with dose was observed, but this was not suffi cient to qualify as a dose-related effect.
Corresponding (background) plasma lanthanum levels in patients receiving calcium carbonate ranged between 0.01 8 0.02 and 0.03 8 0.04 ng/ml at the end of titration and between 0.00 ng/ml and 0.01 ng/ml at the end of maintenance treatment, though lanthanum levels as high as 0.60 ng/ml were detected in individual patients.
Discussion
Overall, the effi cacy fi ndings presented here suggest that lanthanum carbonate is as effective as calcium carbonate in controlling serum phosphate. Responses to the two agents were marginally different during dose titration c17 because of a suboptimal starting dose of lanthanum carbonate (375 mg). Analysis of the response curves of the two treatments in the present study ( fi g. 3 ) suggests that initiation of lanthanum carbonate at 750 mg/day would have resulted in phosphate control being achieved earlier in the lanthanum carbonate group. In addition, the starting dose of calcium carbonate (1,500 mg/day) was probably higher than normally initiated in clinical practice, where a dose of 1,000 mg/day is perhaps more commonly used.
Following dose titration, satisfactory control of serum phosphate levels was continued throughout maintenance treatment up to week 25 (endpoint) in both treatment groups. As the study was designed with a target serum phosphate level of 5.58 mg/dl (1.80 mmol/l) and an upper dosage limit of 3,000 mg/day for lanthanum carbonate, it was considered likely that mean serum phosphate levels would be similar in the two groups during maintenance treatment ( fi g. 3 ). Mean serum phosphate concentrations were 5.24 mg/dl (1.69 mmol/l) in both treatment groups at study endpoint. Likewise, the proportions of phosphate-controlled patients remained equivalent between the two treatment groups throughout and up to the end of maintenance treatment (66% in the lanthanum carbonate group and 64% in the calcium carbonate group). It should be noted, however, that the role of dialysis dose, session duration, membrane type and dialytic modality in phosphate removal was not assessed during the study.
The substantially higher frequency of hypercalcemia reported as an 'adverse event' in the calcium carbonate group (20.2%), compared with the lanthanum carbonate group (0.4%), was striking, although not surprising given the high doses of calcium carbonate that were necessary to reduce serum phosphate to the target level in this study. This was refl ected by the signifi cantly higher incidence of hypercalcemic episodes (serum calcium 1 ULN) in the calcium carbonate group than in the lanthanum carbonate group (38 vs. 6%, respectively). Patients treated with lanthanum carbonate also showed a greater reduction from baseline in calcium ! phosphate product during maintenance treatment than calcium carbonate-treated patients. These results should be interpreted with caution, as investigators were free to alter the concentration of serum dialysate as necessary, while changes in vitamin D therapy were restricted until week 18 of the study. As an association has been observed between calcium intake and vascular calcifi cation [9, 13, 26] , however, it appears that lanthanum carbonate may offer a potential advantage over calcium-based phosphate binders in this regard.
The importance of PTH in calcium-phosphate homeostasis and the possible role of PTH as a risk factor in cardiovascular calcifi cation require that PTH status be adequately monitored and effectively controlled in patients with ESRD [27] . It is diffi cult, however, to assess how the changes in serum PTH seen in this study refl ect what would be observed during normal clinical use. Changes in median PTH levels during titration suggest that PTH is more likely to rise during lanthanum carbonate treatment than during calcium carbonate treatment. In clinical practice, however, rising PTH levels would be treated using oral vitamin D 3 . In this study, vitamin D use was restricted up to week 18 and very few investigators made adjustments in vitamin D therapy after this time-point. It is not possible to assess the potential benefi t of controlling PTH concomitantly with serum phosphate from these study results. One previous large-scale study by Joy et al. [23] allowed a realistic assessment of PTH changes during lanthanum carbonate treatment, albeit over a shorter time period. In their analysis they found that PTH levels changed by ! 3% with lanthanum carbonate treatment during a 4-week, placebo-controlled maintenance period.
During the tolerability and safety analysis, adverseevent monitoring showed that lanthanum carbonate was well tolerated. There were no clinically important differences between the lanthanum carbonate and calcium carbonate groups in the incidence of most individual (e.g. gastrointestinal) adverse events. Apart from hypercalcemia (reported as an adverse event), the only difference between the treatment groups in the incidence of adverse events occurring with 6 5% frequency was for vomiting, which occurred in 18.4% of patients receiving lanthanum carbonate, and 11.2% of patients receiving calcium carbonate. It is possible that this is the result of patients taking lanthanum before food, rather than after food as advised, perhaps having become accustomed to taking their previous phosphate-binding medication before meals.
Plasma lanthanum levels observed in this study were very low, refl ecting the extremely low levels of systemic exposure to lanthanum reported in unpublished preclinical and phase I studies. Absorption of even small amounts of lanthanum over a long period of time, however, may give rise to concern because of previous experience with aluminum. These issues, although not directly addressed in this report of 6 months' exposure, are currently being clarifi ed in longer-term studies, lasting up to 3 years.
The results presented here corroborate fi ndings from previous trials, which have indicated highly effective phosphate-binding characteristics and statistically and clinically signifi cant reductions in phosphate levels over a similar dose range [22] [23] [24] . Signifi cant changes in laboratory parameters (blood biochemistry and hematology) were also shown to be infrequent in patients treated with lanthanum carbonate. Importantly, serum calcium levels were generally not increased, as confi rmed in this study [22, 23] . This represents a signifi cant advantage over calcium-based phosphate binders as it allows independent control of serum calcium and serum phosphate.
Conclusions
The results presented in this 6-month study demonstrate that serum phosphate control with lanthanum carbonate (750-3,000 mg/day lanthanum) is similar to that seen with calcium carbonate (1,500-9,000 mg/day), but with a signifi cantly reduced incidence of hypercalcemia. Lanthanum carbonate is also well tolerated and may be more effective in reducing calcium ! phosphate product than calcium carbonate. The combination of effi cacy and tolerability demonstrated in this study suggests that lanthanum carbonate could represent a treatment option that is superior to calcium carbonate for hyperphosphatemia therapy. Longer-term studies are required to assess further the benefi ts of lanthanum carbonate and defi ne its long-term safety profi le.
